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ABSTRACT 

This  rqmt  describes  research  progress  in  three  areas:  (1)  the  petcqition  of  conqilex  sounds, 
induding  tonal  sequences  and  bursts  of  "frozen"  ganssian  noise;  (2)  models  for  the  discrimination  of 
ctmqdex  sounds;  and  (3)  die  peroqition  of  speedi  sounds,  under  various  degrees  of  stimulus 
uncertainty  and  levels  of  training.  Major  acconqdishments  during  diis  period  indude:  (a)  the  finding 
diattfae  aUlity  to  detect  very  small  frequency  dumges  in  single  components  of  ttmal  sequences, 
previously  asOTined  to  be  accomplished  only  after  lengdiy  training  on  the  specific  discrimination  task 
in  question,  is  latgdy  the  result  of  familiarity  with  the  stimulus  and  is  relatively  independent  of  die 
manner  in  sriudi  diat  familiarity  was  acquired;  (b)  the  [aeviously  described  PTD  rule  for  auditory 
pattern  discrimination  predicts  die  disoiminatitm  of  changes  in  tenqioral  as  well  as  spectral 
properties  of  patterns,  and  (c)  a  new  modd  of  auditny  pattern  disaiminatitm  that  combines  dements 
of  Jeffry*  leaky-integrator  and  die  Durlach-Braida  equalizatitm-cancdlation  models  is  quite 
successful  in  describing  the  results  of  ndse-borstdiscriminatioo  expoiments,  including  the  "PTD” 
phenomena  mentioned  above. 


Sdcatific  Golds 

The  goals  of  the  project  are  essentially  unchanged  from  those  described  in  our  grant  proposal. 
We  ctmtinue  to  pursue  several  lines  of  expoimentatirm  with  cmnplex  (mm-speech)  auditory  patterns 
and  recendy  have  been  extending  this  work  to  stimuli  widi  more  conqilex  frequentty  spectra  than  the 
pure  tcMies  used  to  create  die  aurtitoty  patterns  enqdoyed  in  most  of  our  previous  research.  One 
cooqdex  spectrum  we  have  begun  to  investigate  is  the  "profile”  stimulus,  developed  by  Greoi  and 
cdleagues.  Our  extension  of  tins  work  has  been  tottynamically  varying  profiles,  and  to  a  study  of 
the  detectability  of  intensity  increments  that  may  occur  at  various  times  during  the  presentaticm  of  a 
static  profile  stimulus.  Ptincqiles  of  auditory  pocqititm  established  in  this  research  may  assist  in 
predicting  the  discriminability  of  significant  sounds  in  die  environment,  and  in  designing 
percqitually  salient  and  identifiable  auditory  warnings  and  odier  signals. 
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Kcseardi  Smnuuurks 


A.  Toni  Scqpieaeet. 

1.  The  pwportion-<tf-Ae-tot(d-duratian  (PTD)  rule  holds  for  duration  discrimination.  Kidd,  Watson 

&i  previoas  worit,  we  demonstrated  that  frequency  resolving  power  fw  each  individual 
oonqKtoent  of  an  unfamiliar  sequence  of  tones  increases  widi  the  oonqxment's  prc^xxtion  of  the  total 
sequence  duratitm  (Kidd  &  Watson,  1992).  This  woric  has  now  been  extended  to  die  case  of  duration 
disctimination.  In  this  case,  the  dimensitMi  affected  by  changes  in  PTD  (i.e.,  tune)  is  also  the  iximaiy 
dimenskn  of  vaiiadmi  widiin  the  patterns,  as  well  as  the  dimension  to  which  listeners  must  attend  to 
perform  die  tasL  Listeners  were  asked  to  detect  a  change  in  die  duration  of  a  single  tone  in  a  five- 
ttme  pattern  using  a  modified  two-altemadve  fenced  dioice  procedure.  Target-ume  durations  were 
determined  by  the  PTD  value  (0.1, 0.2,  or  0.4)  and  the  total  pattern  duratitm  (250  msec  <m:  750  msec). 
Context-tone  duntiems  were  determined  randomly  on  each  trial.  A  single  frequency  pattern, 
consisting  of  a  sequence  of  ascending  frequencies,  was  used  throughout  die  experiment  The  pattern 
of  results  obtained  after  several  thousand  training  trials  was  essentially  the  same  as  diat  found  in  the 
freqnency-disoimination  eiqieriments.  Increases  in  the  prr^iordrm  of  the  total  pattern  duration 
occupied  by  the  target  teme  consistendy  resulted  in  lower  duration-discriminatimi  thresholds. 


2.  Useof  the  psychophysical  method  of  adjustment  in  tonal  pattern  discrimination. 

Watson,  Kid^  Aimee  Surprenant,  Ward  R.  Drennan 

A  difficulty  in  tcmal-pattem  research  is  that  several  thousand  trials  are  typically  required  to 
approadi  asymptotic  discriminatiem  perfcnmance  under  minimal-uncertainty  testing  conditions.  One 
solutirm  to  this  problem  is  to  use  the  mediod  of  adjustment  to  determine  thresholds,  rather  than  a 
forced-choice  psycho{diysical  mediod.  In  this  study  dw  extremdy  brief  times  that  are  required  fra*  a 
listmer  to  adiieve  percqmial  isdatirm  for  single  componoits  of  a  multi-tone  patterns  using  the 
m^hod  of  adjustment  instead  of  a  forced-choice  method  (minutes  as  o^xised  to  hours)  were 
demonstrated.  A  quantitative  criterion  ’‘perceptual  isolati<»”  is  readied  when  a  frequency  match 

is  made  that  is  as  dose  to  the  standard  as  can  be  achieved  when  the  standard  and  variable  tones  are 
both  presoited  in  isolation,  rather  than  in  pattern  omtexts.  Not  all  adjustments  are  this  accurate, 
howevCT.  The  most  useful  distinction  between  difficult  and  easy  adjustments  is  shown  to  be  the 
percent  of  all  the  adjustments,  fev  a  given  combination  of  targ^  and  ermtext  tones,  that  meet  this 
percq;)tual-isolation  criterion. 


3.  Properties  of  the  structure  of  multi-tone  sequential  patterns  that  determine  the  dijficulty  of 
perceptually  isolating  single  target  components.  Watsrm,  Kidd,  Aimee  Surprenant,  Ward  R. 

A  metiiod  of  adjustment  was  used  to  establish  the  impwtance  of  each  of  several  structural 
propoties  of  the  onitext  tones,  in  nine-tme  sequences,  in  determining  the  perceptual  isolability  of 
target  cranponents.  Successful  “perc^itual  isolaticm”  of  a  target  tme  was  assumed  to  be  achieved 
udMsn  frequency  matdies  were  as  accurate  as  those  adiieved  for  ttmes  presented  in  isolation, 
genoally  meaning  matdiing  emws  of  less  than  l%—2%  for  the  50-ms  tones  in  these  sequences.  The 
context  propoty  that  was  found  to  primarily  affect  the  frequency  matdies  was  the  separation,  in  Hz, 
between  tiie  target  ttme  and  both  the  local  and  (to  a  lesser  degree)  the  remote  context  tones.  (Dther 
than  its  bandwidtii,  tiie  form  of  the  local  futch  ctmtour  (the  target  ttme  plus  the  single  ttmes 
immediately  before  and  after  it)  had  no  dear  effect  on  the  ability  to  “hear  out”  tiie  target  ttme,  i.e., 
utiiether  the  local  ctmtext  was  ascending,  descending,  concave  up,  or  ctmeave  down.  The  omtours  of 
tiie  remote  context  ttmes  (first  and  last  three  in  the  patterns)  like^se  had  no  effect  cm  performance. 
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B.  '*Pnllle"SlimiilL 

1.  l^fftcts  cf  spectral  and  temporal  uncertainty  on  Ae  dotation  of  increments  in  the  level  of 
indMAud  tonal  components  of  "profile"  stinudL  Watson,  Xiafeng  Li. 

Ip  a  mocHficatiooc/pievfoua  profile  ducrinriaaiion  experiments  (sBiniiiarized  in 
Analyrig ,  D.  M.  Ofcen,  Oxfixd  Univenity  Piress,  1988),  inleostty  inaemaits  were  introduced,  in 
random  order,  at  one  of  ten  tenqMcai  positions  during  8ie  overall  duration  of  deven-ttme  profiles, 
and  at  one  oi  die  deven  fieqnoides  Ox.,  a  medinm  level  of  stimulus  uncertainly).  The  tonal 
oonqiooents  were  eqiii4og  qiaoed,  a^  five  diffieient  component  ranges  were  investigated. 
KjEferential  detectability  of  the  intensiqr  incremeots  aver  the  spectral-temporal  ranges  of  the  profiles 
is  remarkaUy  similar  to  die  tenqioral  and  spectral  distribotion  of  selective  attention  to  individual 
tonal  omqKments  of  multi-tone  patterns  (Watson  and  Li,  1992).  Hgure  1  illustrates  these  results  for 
one  fiequeuiqr  range  of  the  prc^  stimuli,  and  also  riiows  frequency  discrimination  data  for  tonal 
patterns  in  a  similar  range,  fiocun  Watson,  Kdly,  and  Wroion  (1978).  In  contrast  to  the  tonal-pattem 
experiments,  mbea  die  imensity-increment  tadt  was  repeated  under  minimal-oiicertainty  conditimis, 
performanoe  improved  very  little  oonqiaied  to  diat  measured  under  hitter  uncertain^.  Itseems 
tikely  that  die  reason  is  diat  die  large  effects  of  stinmlns  uncertainty  are  obtained  only  when  the 
contextual  conqwnents  as  well  as  die  qiectral-tenqiotal  targets  are  varied  from  trial  to  trial. 


Hgure  1.  Similarity  between  the  distribution  of  selective  attention  for  tonal  sequences  (left:  from 
WatstmetaL,  1978)  and  for  a  profile  stimulus  (ri^  firmnWatstm  and  Li,  1992). 
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1.  Discriminability  of  noise  samples.  Rickert  and  Robinson 

Our  teoem  work  has  oontinned  to  utilize  a  two-interval  same-different  task  in  which  human 
listeners  are  asked  to  discriminate  betwemi  triak  on  triudi  a  sample  of  Gaussian  ik^  is  presoited 
twice  and  trials  on  udiidi  two  different  samples  are  presented.  The  main  goal  has  been  to  determine 
triiedierdiee£fectoftmnporalpodtionrqpQrtedbyFalk»andRobinson[J.  Acoust  Soc.  Am.,  92, 
2830-263S  (1992)  ]  depends  tqxm  die  bandwiddi  of  the  stimulus.  For  our  initial  investigation,  we 
omupared  performance  in  a  broadband  condition  ( 100  -  3000  Hz)  with  performance  in  a  narrowband 
oomtition  (450  -  550  Hz).  The  spectral  level  of  the  noise  was  held  constant  at  50  dB  SIT.  in  both 


oooditioiis.  As  in  the  previous  studies,  psychometric  functioas  w«e  generated  by  varying  Ae 
duration  of  a  segment  of  nmse  during  which  the  san^le  faresuited  in  the  first  interval  is  uncmrelated 
with  the  CMie  presented  in  the  second  interval.  It  should  be  emphasized  that,  teduiically,  it  is  the 
expected  value  of  die  cro8S-c<xrelati<m  of  that  segment  computed  across  sanqiles  that  is  equal  to  zero. 
Thus,  any  pair  of  sanqiles  presented  on  a  different  trial  may  have  non-zero  cross-correlation.  In 
addition,  the  results  repmted  here  were  obtained  using  free  running  noise,  with  new  samples 
generated  on  each  trial.  In  sqiarate  experimental  sessions  the  uncmrelated  segment  occurred  at  the 
beginuing,  in  the  middle,  m-  at  the  aid  of  the  sanqiles. 

The  results  for  the  broadband  condition  may  be  summarized  as  follows; 

a)  IXscrinrinaWlity  of  completely  uncwrelated  samples  depends  on  the  overall  duration.  The  data 
show  diat  performance  is  generally  best  fn:  a  SO  ms  duratioa  and  is  poorer  at  both  shcMta  (10  and  25 
ms)  and  at  Imiger  (150, 200  and  4(X)  ms)  durati<His.  This  result  agrees  closely  with  one  reported  by 
Hanna  [  Percqit  PsydK^ys.  36, 409-416  (1984)  ]. 

b)  Disetiminabilify  is  best  when  changes  occur  at  the  aid  of  the  sample  and  is  poorest  when  changes 
occur  at  the  beginning.  This  result  is  consistent  with  FaUrm  and  Robinson’s  (1992)  result  ?(»- 
exanqile,  based  on  the  average  data  of  three  subjects  for  the  SO  ms  duration,  we  estimate  that  d’  =  1.0 
requires  only  about  4  J  ms  for  the  end  condition  as  o{q)08ed  to  1S.S  ms  for  the  beginning  condition. 

A  complete  summary  of  the  average  data  obtained  in  the  broadband  cmidition  for  three  durations  is 
given  in  Table  1.  Each  entry  is  an  estimate  of  the  ratio  of  the  duration  of  the  uncorrelated  segment  to 
the  total  duratimi  necessary  to  achieve  a  fixed  level  of  performance. 

TABI£  1 


Beginning  Middle  End 


Duration 

d'»l 

d'»2 

d'*l 

d'»2 

d'=l 

d'=2 

25  ms 

0.31 

ISI 

mm 

jjjRPQII 

IQQ 

50  ms 

0.31 

mSm 

mSm 

150  ms 

0.40 

0.29 

mSEM 

c)  Previous  data  for  nmse  samples  (Fallon  and  Robinsmi,  1992)  and  fw  tonal  sequences  (Kidd  and 
Watsmi,  1992)  indicate  that  the  ratio  of  the  duration  of  the  targa  segmoit  to  the  total  duration 
necessary  to  achieve  a  fixed  level  of  performance  is  approximately  constant  This  has  been  referred 
to  as  the  prxqxMtion-of-total-duration  (FTD)  Role  (Ki^  and  Watsrm,  1992).  In  our  most  recent 
aeperiments,  howeva,  we  observe  a  small  but  consistent  departure  from  the  PTD  Rule  in  that  the 
ratio  must  be  increased  slightly  as  overall  duration  is  increased.  For  example,  from  Table  1,  the 
value  of  the  ratio  necessary  fm:  d’  =  1.0  is  0.07, 0.09  and  0.16  (25,  SO,  and  ISO  ms,  respectively)  for 
the  end,  O.IS,  0.14  and  0.29  for  the  middle,  and  0.31, 0.31  and  0.40  for  the  beginning. 

d)  Desinte  the  fact  that  the  ordering  of  the  psychometric  functions  for  temporal  position  is  the  same 
for  duratitms  ranging  from  25  to  ISO  ms,  it  ^ypears  that  the  magnitude  of  this  effect  may  decrease  at 
longo:  dnratitxis.  Our  preliminary  data  witii  400  ms  samples  show  an  advantage  for  the  end 
condititm  but  little  difference  in  performance  betweoi  the  beginning  and  middle  conditions.  Note 
that  the  perfnmance  deoement  found  at  Itmger  stimulus  durations  for  uncmrelated  samples  cannot 
account  for  this  finding. 


Afta  completing  the  broadband  conditions,  subjects  were  tested  using  narrowband  Gaussian 
noise  samples  diat  were  generated  by  passing  an  array  ctmsisting  of  a  random  binary  sequence 


tiifOiighft512tapilRllller()rk)rtodigiMl-4o-Mialogoanveritoa.  The  fesalts  may  be  nmunarized  as 
foUowt: 

a)  Goiii(iafed  to  dw  broadband  oonditioa,  tbere  is  an  overall  performance  decrement  for  completely 
nncocrdated  narrowband  san^les  at  eadi  stimulus  dutadon  (25, 50  and  ISO  ms).  The  magnitude  of 
diis  decrement  is  for  less  dian  would  be  predicted  I7  an  optimal  model  that  assumes  statistical 
integradmi  (i.e.,  square  tom:  of  the  product  of  the  bandwi^  and  duration). 

b)  Fm  a  stimulus  duration  of  150  ms,  discriminabiUty  inqiroves  as  foe  duration  of  foe  uncoirelated 
s^ment  is  increased  but  is  independent  of  the  temped  position  of  foe  nncmrelated  noise  segment 
Thus,  the  ordering  of  the  psydiometric  fonedmts  t^  is  Qrpically  found  with  broadband  samples  (E  > 
M  >  B)  is  not  evident  in  foe  narrowband  conditimt  We  plan  to  investigate  the  extent  to  which 
narrowband  filtering  interacts  with  the  effects  of  temporal  position  on  foe  disaiminability  of 
Gaussian  noise  samples  at  other  stimulus  durations  (25, 50  and  4(X)  ms). 


D.  Modding.  Robinson  and  Rickert 

In  addition  to  our  experimental  woik  on  the  disaiminability  of  noise  sanqples,  we  are  continuing 
our  effots  in  dcvelt^ping  models  of  the  processes  underlying  the  disoiminatioo  of  complex  auditory 
patterns.  Our  work  has  proceeded  along  two  lines:  analytical  models  and  simulatirms. 

We  have  lepaxted  on  the  progress  of  foe  analytical  models  on  two  occasiais:  at  foe  Ottawa 
meeting  of  the  Acoustical  Society  of  America  (Rickert  aixi  Robinsem,  1993)  and  at  foe  Dayton 
AFOSR  crmfetence  (Robinsai  and  Rickert,  1993).  Tbe  current  vetsirm  of  ^  model  is  shown  in 
Figure  2.  It  is  assumed  that,  in  a  "two-interval,  same-difforent"  paradigm,  foe  waveform  from  the 
first  interval  is  (1)  filtered,  (2)  passed  through  a  square-law  device,  (3)  passed  through  a 
leaky-integratcM',  (4)  jittered  in  amplitude  wifo  multiplicative  internal  noise,  and  (5)  stmed  for  later 
oomparismi  wifo  die  output  of  the  same  sequence  of  r^perations  perfmmed  on  foe  waveform  from  the 
seamd  interval.  We  chose  as  a  comparison  operatimi  subtraction.  After  subtraction,  the  resulting 
waveftxm  is  squared  and  passed  through  a  secmd  stage  leal^  integrator.  The  first  stages  of  filtering, 
non-linear  «ransfotmati<m  and  leaky  integratirm  are  commcmly  assumed  processes  in  many  other 
models  of  auditocy  processing  [for  exanqples  L.  A.  Jeffiess,  J.  Acoust.  Soc.  Am.,  44, 187-203 
(1968)].  The  non-linearity,  in  our  case  a  square-law  device,  is  standard  in  many  models  of  signal 


Figure  2.  A  stimulus-oriented  model  for  the  discrimination  of  Gaussian  noise  samples. 


N  :  Normal  (0,0^  )  Normal  (0,(^  ) 
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processing  and  is  assumed  to  represent  the  ntm-linear  operadrm  of  the  hair  cells  in  the  cochlea.  The 
leaky-integratOT  in  such  models  is  assumed  to  extract  the  envdope  of  the  narrow-band  waveform  at 
the  output  of  the  filter.  The  second  stage  non-linearity  and  leaky-integration  provide  a  smoothing  or 
averaging  of  the  output  of  the  subtracter.  We  dien  assume  that  die  output  of  the  second  stage 
integrate,  or  some  numotcme  transform  of  it,  serves  as  the  dedsimi  variable.  As  a  summary  statistic, 
we  diose  the  RMS  of  the  differenced-envelopes.  The  model  has  two  free  parameters:  the  variance  of 
the  internal  noise  and  the  time  constant  of  the  integrator.  The  model  does  an  excellent  job  of 
describing  the  data  from  Coble  and  Robinson  (1992).  The  model  also  accounts  for  the  observation 
repwted  ineviously  diat  as  total  burst  duradmi  is  varied,  the  duration  of  the  uncorrelated  segment 
required  finr  a  fixed  level  of  performance  stays  in  an  api»oximately  constant  ratio  to  the  total 
duratitm.  This  result,  also  found  by  Wats<m  and  his  colleagues  using  tonal  sequences,  is  a  result  of 
the  iq^ximately  linear  growth  of  the  output  of  the  sectmd  stage  leaky-integrdrM-.  In  addition,  the 
model  does  a  reasonable  job  of  describing  several  oth»  effects  that  are  rep<»ted  by  Fallon  in  her  PhD 
dissertatitm.  These  include  the  effects  of  decorrelatimi,  filtering,  and  the  introduction  of  temporal 
gaps. 

One  of  the  difficulties  inherent  in  the  analytical  q)proach  is  that  an  accurate  mathematical 
description  of  the  model  shown  in  Figure  2  is  difiScult  to  obtain.  In  addititm,  the  probability 
distrilMitimis  of  the  ouq)ut  statistic  are  not  known.  Thus,  in  the  aiudytical  model,  we  have  been 
required  to  use  approximatimis,  the  accuracy  of  which  are  not  known.  In  an  effort  to  overcome  these 
difficulties,  we  have  begun  using  computer  simulations.  We  have  implemented  the  stages  shown  in 
Figure  2  using  MATLAB  runiung  cm  a  DEC  5900  undo:  ULTRIX.  In  this  simulation  the  filtering 
and  leaky  integratimi  are  achieved  with  digital  filters.  The  first  stage  non-linearity  has  been  changed 
to  half-wave  rectification.  Currently,  the  decision  variabte  is  the  maximum  output  of  the  last  stage 
leaky-integrater  which  occurs  at  the  end  of  the  noise  burst.  Although  still  in  its  early  stages,  this 
q)proach  seems  promising  and  suggests  that  the  approximations  in  the  analytical  m^el  were 
reasonably  good,  e.g.  the  analytical  results  and  the  simulations  are  in  reasonable  agreement. 


E.  P^diophysics  speech. 

Previous  speech  disaimination  studies  have  nudnly  been  conducted  under  conditions  of  high 
stimulus  uncertainty  and  with  very  little  training  of  the  listeners.  While  data  from  such  studies 
IHOvide  valid  measures  of  the  information  extracted  from  the  speech  waveforms  under  everyday 
listmiing  conditions,  they  may  be  very  poor  estimates  of  actual  acuity  or  resolving  power  for 
those  stimuli.  Sevmal  lines  of  research  addressed  the  general  question,  what  changes  in  the 
waveforms  of  speech  can  be  detected  unda  minimal  stimulus  uncertainty,  and  how  is 
p^ormance  related  to  a  variety  of  task  variables? 

1.  Detection  thresholds  for  vowels.  Kewley-Port  and  C.  Watson 

In  an  initial  study,  vowel  detection  thresholds  fm:  normal  hearing  listeners  were  found  to 
differ  by  20  dB  across  tmi  synthetic  English  vowels  (Kewley-Port,  1989, 1991).  One  model 
(Average  Excitation  which  calculated  the  average  intensity  in  dB  over  the  entire  excitation 
pattern)  accounted  for  most  of  the  variance  in  the  vowel  thresholds  (Kewley-Port,  1991). 

Furtiier  studies,  following  the  model  of  the  tonal-pattern  expmiments,  manipulated  stimulus 
uncertainty  for  vowel  sequences  (Kewley-Port  and  Watson,  1986;  Kewley-Port,  1990). 
Thresholds  for  detecting  the  presence  of  a  target  vowel  in  a  sequence  differed  only  slightly 
across  positions  within  the  vowel  sequence,  but  showed  a  wide  range,  about  43  dB,  from  the  best 
to  die  w(»st  subject  Discrimination  performance  for  vowel  sequences  is  similar  to  that  obtained 
for  n<m-speech  toiuil  pattmns,  in  terms  of  the  time-course  of  learning,  differential  detectability  of 
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Ae  alimBH,  eflbcts  (tf  tevds  of  stunniiis  unootainty  and  oneaqiectedly  laise  individual 
ifilfbtaioea  amcMigtlie  ncxmal-h^^  listmets. 

2.  Fonnant  RpeqpMocy  Discrimination.  Kewley-P(xt  and  C.  Watstm. 

Dbaimination  thresholds  for  fbnnant-frequency  discrimination,  fw  FI  and  F2,  were 
obtained  ten  synthetic  English  vowels  (Kewley-Pcnt.  1990;  Kewley-P(nt  and  Watscm,  1993). 
hi  genual,  thresholds  values  of  AF  as  a  fimcticm  of  fcnmant  frequmcy  are  best  described  as  a 
piecewise-linear  function  which  is  constant  at  14  Hz  in  the  FI  ft^uency  regirm  (<800  Hz),  and 
increases  lineady  in  die  F2  regicm.  In  die  F2  region,  the  cesoluti(Hi  for  fumant  finquuicy  is 
about  1.5%.  h^inimal-uncertainty  thresholds  are  similar  to  die  most  accurate  discrimination 
jaeviously  reported  in  die  FI  n^on,  but  about  a  factor  of  three  lower  (more  precise)  in  the  F2 
region.  Thresholds  wue  also  measured  for  rme  vowel,  /I/,  in  a  variety  of  conscmantal  contexts, 
/b,  d,  g,  z,  m,  1/  (Kewley-Port  and  Watson,  1991).  Fes*  FI  and  F2,  the  resulting  thresholds  were  a 
factor  of  about  4-S  smaller  than  those  repotted  by  Mumelstein  (1978).  Additional  experiments 
estimated  formant  ftequency  thresholds  under  medium  stimulus  uncertainty  (Kewley-Ptut, 
1992).  While  training  required  longer  to  reproach  asymptote,  and  levels  of  perfiwmance  were 
hitler  for  some  CVCs  than  for  others,  final  thresholds  woe  generally  similar  to  diose  (Stained 
for  isolated  vowels.  Apparendy,  auditory  acuity  for  formant  frequency  discrimination  for  well- 
trained  subjects  is  generally  the  same  for  vowels  in  isolation  and  in  CVC  contexts,  under  both 
minimal  and  medium  levels  of  stimulus  uncertainty. 


F.  Partially  Supported  Projects. 

\.  Auditory  and  Visual  Speech  Perception:  Cor^rmation  of  a  Modality-Independent  Source  of 
Individual  Differences.  Watson,  W.  (^,  M.  Chambetiain,  S.  Li. 

Two  experiments  were  ran  to  determine  whether  individual  differences  in  auditory  speech 
recognition  abilities  are  predictable  from  those  for  speechreading  (lipteading),  using  a  total  of  90 
nmmal-heating  college-student  subjects.  Tests  included  single  words  and  sentences,  receded  on  a 
video  di^  by  a  male  actm  (Johns  Hoiddns  Lipteading  Cmpus,  Bernstein  and  Demorest,  1986).  The 
auditmy  speech  was  i»esented  witii  a  white  noise  masker,  at  -7  dB  Sp/N.  The  ctmelatimis  betwemi 
ovorall  auditory  and  visual  performance  were  0.52  and  0.43  in  the  two  experiments,  suggesting  the 
existence  of  a  modality-independent  ability  to  perceive  linguistic  "wholes"  on  the  basis  of  linguistic 
fragments.  Subjects  in  tiie  seoemd  eiqieiiment  also  idoitified  printed  sentences,  with  40-60% 
portimis  of  the  [uinted  diaracters  deleted.  Performance  on  this  "Fragmented-Sentences  Test"  also 
correlated  significantly  with  auditeny  and  visual  speech  recognition.  The  existence  of  a  modality- 
mdqiendent  source  of  variance  in  speech  recognition  abilities  may  be  a  partial  explanation  of  the 
difficulty  in  demonstrating  strong  associations  between  psythoacoustic  measures  of  spectral  or 
tempcHul  acuity,  and  speech  discriminaticHi  m  identification.  [Additional  support  from  AFOSR 
tiuough  die  Institute  for  the  Study  of  Human  Cqiabilities.] 


2.  The  effects  cf  training  method  on  frequency  discrimmation  for  individual  componerus  of  complex 
tmud  patterns.  Robert  F.  Pmt,  Cathoine  L.  Rogers,  Watson,  Kidd 

It  has  been  assumed  that  subjects  trained  to  detect  inoements  in  the  frequency  of  all  components 
of  conqilex  tonal  patterns  (luoad  focus)  would  be  less  accurate  in  detecting  changes  in  a  single  target 
tone  than  subjects  who  have  beoi  tiaii^  to  detect  changes  in  only  that  conqxment  [e.g.,  Watson  et 
al.,  J.  Acoust  Soc.  Am.  60, 1176-1186  (1976)].  In  several  experiments,  using  a  number  of  7S0-ms 
tea-tene  patterns,  subjects  were  trained  using  one  of  three  methods:  in  the  first  two,  a  S/2AFC 
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procedure  was  used  to  train  subjects  to  detect  frequency  increments  in  a  specific  target  tone  (group 
one)  or  to  detect  frequent^  increm«its  that  could  occur  in  any  of  the  ten  components  (group  two), 
and  in  the  third,  subjects  were  trained  only  to  identify  the  individual  patterns.  Subjects  trained  using 
tlMse  nwthods  were  tested  on  their  ability  to  detect  changes  in  various  components  of  the  patterns, 
including  the  target  tone  for  the  first  group.  In  all  of  these  experiments,  only  very  slight  differences 
in  performance  were  found  among  the  different  groups.  These  results  suggest  that  lengthy  experience 
with  a  given  pattern  allows  a  listener  to  discriminate  small  differences  in  frequency  in  any  of  the 
individual  components  of  that  pattern,  relatively  independmt  of  the  nature  of  that  experience. 
[Additional  support  from  ONR,  R.  Port  Principal  Investigator.] 


G.  New  laboratory  devdopments.  Robinson  and  Ridcert 

During  the  Summer  of  1993  the  Audiuwy  Research  Laboratory  in  the  Department  of  Psychology 
was  completely  reequipped.  With  primary  support  from  fridiana  University  and  additional  support 
from  AFOSR  through  the  Institute  for  the  Study  of  Human  Crq)abilities,  the  old  DEC  PDP-1 1/34 
system  was  replaced  with  a  486-based  system  using  a  Tucker-Davis  array  processor  and 
Tudcer-Davis  audio  equipment.  The  laboratory  is  designed  to  run  four  subjects  simultaneously  with 
separate  c<»trol  of  the  stimuli  delivered  to  each  subject 
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